INTRODUCTION
RET rearrangements are identified in 1% to 2% of non-small-cell lung cancers (NSCLCs). 1, 2 In patients with advanced, RET-rearranged lung cancers, systemic therapy can be highly active. We demonstrated previously that pemetrexed-based chemotherapy can achieve an objective response rate of 45% and a median progression-free survival (PFS) of 19 months. 3 Furthermore, the activity of targeted therapy has improved dramatically with the introduction of selective RET inhibitors to the clinic. In early-phase testing, objective response rates with LOXO-292 4 and BLU-667 5 are 68% (26 of 38) and 50% (seven of 14), respectively. These outcomes exceed the modest activity observed previously with multikinase inhibitors such as cabozantinib 6 and vandetanib. 7 In contrast, the activity of immunotherapy in RET-rearranged lung cancers has not been well characterized. This represents a clear unmet need, given that all prior regulatory approvals of immune checkpoint inhibitors, either alone or in combination with chemotherapy, and in stage III or IV disease, have technically included patients with RET-rearranged lung cancers. 8, 9 Furthermore, although increasing levels of programmed death-ligand 1 (PD-L1) expression and high tumor mutational burden (TMB) have been associated with benefit from immune checkpoint blockade, 10 the immunophenotype of RET-rearranged lung cancers and the role of PD-L1 and TMB status in relation to benefit with immunotherapy remain poorly described. We set out to characterize these factors.
METHODS
In this retrospective study, patients from Memorial Sloan Kettering Cancer Center with RETrearranged lung cancers diagnosed between 2009 and 2017 were identified under an institutional review board-approved waiver. Clinical characteristics including age, sex, and smoking history were collected. Patients who received immunotherapy, defined as a monoclonal antibody against programmed cell death protein 1 (PD-1) or PD-L1, were included in an analysis of treatment history. RET rearrangements were identified using targeted next-generation sequencing of DNA (Memorial Sloan Kettering-Integrated Mutation Profiling of Actionable Cancer Targets [MSK-IMPACT] or Foundation One) or RNA (anchored multiplex polymerase chain reaction [PCR]; Memorial Sloan Kettering Solid Fusion Panel) in more contemporary samples, and fluorescence in situ hybridization (10q11 and 6q22 break apart probe, Meta systems, Altussheim, Germany) or reversetranscriptase PCR in older samples. 11, 12 PD-L1 immunohistochemistry was evaluated using the E1L3N antibody (Cell Signaling Technology, Danvers, MA), our institutional standard, which has been validated against a 22C3 kit performed in a commercial laboratory with comparable results. 13 For uniformity, TMB (reported as the number of nonsynonymous mutations per megabase) was analyzed only for samples sequenced using MSK-IMPACT. 14, 15 The median TMB of RET-rearranged was compared with that of RET wild-type NSCLCs (Mann-Whitney U test).
In patients with both baseline and serial on-treatment imaging, the best objective response to therapy (Response Evaluation Criteria in Solid Tumors [RECIST] v1.1) was determined by a study radiologist. Time to treatment discontinuation (TTD) was defined as the time from therapy initiation to the last dose. 16 PFS was defined as the time from therapy initiation to radiologic progression or death. Overall survival (OS) was defined as the time from diagnosis of metastatic disease to death. For TTD, PFS, and OS analyses, Kaplan-Meier curves were compared using the Mantel-Cox log-rank test. Hazard ratios were calculated using the Mantel-Haenszel method.
RESULTS
Seventy-four patients with RET-rearranged lung cancers were identified. Clinicopathologic features are summarized in Table 1 . The median age was 58 years, 55% were female, and 69% were never-smokers. RET In patients with sufficient tissue for PD-L1 testing, tumor PD-L1 expression was 0%, 1% to 49%, and 50% or greater in 58% (n = 15 of 26), 23% (n = six of 26), and 19% (n = five of 26) of cases, respectively ( Fig 1A) . PD-L1 expression was absent or below 50% in the majority of tumors (81% [n = 21 of 26]). No major differences in PD-L1 expression were observed when stratified by upstream fusion partner (Appendix Table A1 ). In 44 patients with sufficient tissue for TMB analysis, the median TMB was1.75 mutations/Mb (range, 0 to 9.65 mutations/Mb), significantly lower (P, .0001) than the median TMB of 5.27 mutations/Mb (range, 0 to 164.20 mutations/Mb) in 3,631 patients with RET wild-type NSCLCs ( Fig 1B) .
The clinical outcomes of immunotherapy in patients with advanced RET-rearranged lung cancers are summarized in Table 2 . Patients received pembrolizumab (n = 6), nivolumab (n = 6), atezolizumab (n = 2), durvalumab (n = 1), or ipilimumab plus nivolumab (n = 1). The median line of therapy at which immunotherapy was administered was 2 (range, 1 to 7). In cases with sufficient tissue for testing, PD-L1 expression ranged from 0% to 50% and TMB ranged from 1.76 to 5.27 mutations/Mb.
A total of 13 patients with RET-rearranged lung cancers were assessed for clinical and/or radiologic response. Response to immunotherapy was not observed. Progression of disease was observed in 62% of cases (n = eight of 13; Table 2 ); disease progression involved new or worsening brain metastases in three patients (cases 4, 6, and 15). Stable disease was achieved in 23% (three of 13) and non-CR/non-PD (not complete reponse and not progressive disease in nontarget lesions) in 15% (two of 13). A waterfall plot of best objective response in the six patients with measurable disease is presented in Fig 2A. The median PFS in all patients was 3.4 months (95% CI, 2.1 to 5.6 months). No association was seen between PD-L1 or TMB status and PFS. In patients with the highest levels of PD-L1 expression (50% and 30%), PFS was short (1.3 months and 2.5 months, respectively). Similarly, in patients with the highest TMB (5.27 and 3.51 mutations/Mb), PFS was short 
DISCUSSION
In this series, we demonstrate that the immunophenotype of RET-rearranged lung cancers is characterized by low levels of PD-L1 expression and low TMB in the majority of patients. This raises the possibility that these tumors are biologically cold (ie, less likely to be highly responsive to immunotherapy relative to other cancers). Consistent with this hypothesis, overall outcomes with single-and dual-agent immunotherapy were poor. No responses were observed, and the best objective response to therapy in most patients was progressive disease. Furthermore, median PFS was short. These findings are consistent with a growing body of evidence uncovering poor outcomes with immune checkpoint inhibition in select oncogene-addicted lung cancers. In EGFR-mutant and ALK-rearranged lung cancers, early data on the decreased activity (compared with unselected cancers) of immunotherapy resulted in the exclusion of patients with these tumors in registration-enabling studies. Furthermore, we showed previously that MET exon 14-altered NSCLCs had low TMB and poor outcomes with immunotherapy. 17 Finally, an ongoing global registry (Immunotarget) and independent series have shown similarly low response rates and short median PFS with single-agent immune checkpoint inhibition in lung cancers with oncogenic drivers. 18 Immunotarget had 16 patients in the RET-rearranged cohort and reported a response rate of 6% and median PFS of 2.1 months, comparable to the findings in our study.
The clinical implications of these observations relate to the sequence with which immunotherapy is used and the type of immunotherapy strategy selected. Regarding the former, it is becoming increasingly clear that specific, targeted therapies (selective RET inhibitors) 2, 4, 19 and chemotherapy agents (pemetrexed-containing regimens) 3 can achieve superior outcomes compared with immunotherapy in this series. Thus, it is reasonable to consider the use of checkpoint inhibition only after select targeted therapies and platinum doublet-containing chemotherapy have been administered.
Note that high PD-L1 expression (50% or more) was uncommon in RET-rearranged lung cancers in this study. Only one case treated with immunotherapy highly expressed PD-L1 (50%) and, despite this, still responded poorly to dual immune checkpoint inhibitor therapy (case16). A recommendation regarding the use of pem-brolizumab in treatment-naїve, advanced RET-rearranged lung cancers with high PD-L1 expression cannot be made on the basis of our findings, although its use should be approached with caution. In MET exon 14-altered lung cancers, TMB is similarly low; although a higher pro-portion of tumors have high PD-L1 expression, this was not associated with increased benefit with single-agent immunotherapy. 17 Finally, no patients in this series received the combination chemotherapy and immunotherapy that is currently approved for the treatment of EGFR and ALK wild-type advanced NSCLC. Given the benefit of pemetrexed-containing regimens in RET-rearranged lung cancers, a combination of a platinum agent, pemetrexed, and pembrolizumab is reasonable to consider. Prospective trials of immunotherapy combinations should incorporate comprehensive molecular profiling to establish prospective data in driverpositive subpopulations of patients.
In summary, most RET-rearranged lung cancers have low PD-L1 expression and low TMB, and response to immunotherapy was not observed in this series. Although this study is limited by a small sample size, given the rarity of RET-rearranged NSCLCs, these findings remain meaningful and support evolving literature showing that outcomes with immune checkpoint inhibition are poor in select oncogene-addicted NSCLCs. Other systemic therapy strategies should instead be considered in patients with advanced RET-rearranged lung cancers before administering immunotherapy alone. Overall survival of RET-rearranged lung cancers. Overall survival from the diagnosis of metastatic disease was compared between patients who received an immune checkpoint inhibitor (n = 16) and those who did not (n = 46). There was no difference in overall survival between these groups (hazard ratio, 1.4 [95% CI, 0.7 to 2.9]; log-rank P = 35). ICI, immune checkpoint inhibitor. Table A1 . 
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